Abstract Institutional innovation in providing inputs and services is a central element for smallholder development. Agroforestry is an important income generating activity for millions of smallholders in the tropics, yet access to quality planting material-germplasm-of valuable tree species remains a major hurdle for improving farm productivity. We discuss requirements and possibilities for institutional innovation in developing more efficient delivery systems for tree germplasm as one aspect of improved input supply. We describe a simple model for delivery to farmers that identifies the major types of germplasm sources and discuss how this model can be used to identify relevant interventions to address bottlenecks in current systems. Our analysis leads to eight input supply configurations for smallholder agroforestry, typified by three major models. Lessons from the evolution of smallholder crop seed delivery systems can be applied to tree germplasm supply and indicate that a commercial, decentralised model holds most promise for sustainability. However, current emphasis in agroforestry on government and NGO models of delivery hinder the development of this approach. The application of prevailing classification approaches may also create a barrier to the development of appropriate supply systems that effectively service smallholders. An important implication of our analysis is that current actors in agroforestry input supply systems must redefine their roles in order for effective delivery to take place. We chose a case study from Kenya to illustrate our points.
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Keywords Agroforestry Á Seed sources Á Input supply chains Á Public-private collaboration Á OECD 'Forest Seed and Plant Scheme' Introduction: seed supply to smallholders is inefficient Agroforestry, the practice of integrating trees with annual crop cultivation and other farm activities, is an approach adopted by millions of tropical smallholders to meet their needs for essential resources of food, medicine, timber, fuel, fodder and market commodities, and provides valuable environmental services (Garrity 2004) . Worldwide, approximately 560 million people live in agroforestry ecosystems with more than 10% tree cover, which equates to 31% of all humans inhabiting farmland (Zomer et al. 2009 ). Growing trees on farms has become part of the smallholder's investment strategy in agricultural enterprises along with annual crops. A lack of institutional innovation in input supply systems that could service smallholders has, however, been identified as a major problem for both crop and agroforestry seed systems for several decades (Graudal and Lillesø 2007; Hazell et al. 2007; Minot et al. 2007; World Bank 2007) .
For crop seed systems, there has been heated debate over the decades in how to improve smallholder access to good planting material, and the new concepts from these discussions provide an insight into what institutional innovations may be possible for agroforestry seed delivery systems. This article has explored these issues further based on the following structure: ''Introduction: seed supply to smallholders is inefficient'' section presents an evolution of ideas and approaches for input supply systems for crops and for agroforestry, ''A barrier for further development of agroforestry input supply systems'' section summarises how the concepts applied to crop seed systems provide an understanding of the limitations of the prevailing classification of germplasm sources for agroforestry, ''A classification of sources and input supply to better support smallholder agroforestry'' section explains how these limitations may be overcome, ''The Kenya case study'' section applies our theoretical construct to an actual case study in Kenya; and ''Discussion'' section discusses the implications of our analysis.
Crop input supply systems
The evolution of ideas and approaches for delivering inputs for crop production in Africa and elsewhere in the tropics has gone through a number of (partly overlapping) phases. The first phase started in the 1970s, when governments and donors began to provide substantial support for crop seed system development by establishing parastatal seed breeding corporations, technical laboratories for quality control and seed certification authorities (Friis-Hansen 2000; Maredia et al. 1999; Tripp 2001; Wiggins and Cromwell 1995) . For the majority of smallholders, however, the success of this formal system (we define the formal sector as being composed of public and private organizations with specialized roles in supplying new varieties; in contrast, the informal sector is made up of private households and NGOs) was limited to supplying hybrid maize and sorghum; it is estimated that parastatal seed systems supplied only about 10% of the total crop seed sown by smallholders each year (Maredia et al. 1999 ). Many seed parastatals were subsequently dissolved or privatised because they were seen as inefficient and too dependent on the state or on donor subsidies; the expectation was that seed supply would then be mainly carried out by private corporations. From the smallholder's perspective, however, there was no improvement in delivery, with access to improved seed of the diverse range of crop varieties that they required still limited.
To compensate for the poor performance of the formal seed sector, in a second phase many donors and policymakers switched support to non-governmental organisations (NGOs) to provide seed of nonhybrid crop varieties to smallholders (White and Eicher 1999) . The approach was characterised by setting up community and village level 'micro' production of crop seeds, focusing on the technical aspects of seed production and then imitating formal models for seed distribution. The impact of this NGO approach was however limited due to a lack of attention to the geographic scale of demand; community schemes failed to operate at a sufficient scale and thus could not become viable business ventures. Most of the transaction costs therefore ended up being covered by NGOs directly and long term delivery using this approach proved unsustainable (Cromwell 1996; Tripp and Rohrbach 2001; Wiggins and Cromwell 1995) .
In more recent years, an alternative third phase has emerged, which seeks to develop input supply as an attractive 'small-scale commercial' business through temporary public support. This approach takes into account the high transaction costs for seed producers and distributors in catering for dispersed smallholders who require small individual sales and are serviced by poor infrastructure. It also strengthens the capacities of farmers to test new varieties and seeks to make them well informed consumers of agricultural inputs. This phase has involved the reform of regulations controlling seed production and distribution and changed the objectives of breeding from a 'one size fits all' approach to developing crops that are suitable for specific agro-ecological zones and the specific needs of different groups of farmers (David and Oliver 2002; de Vries and Toenniessen 2001; Kugbei et al. 2000; Lipper et al. 2010; Louwaars 2007; Maredia et al. 1999; Tripp and Rohrbach 2001) . The present large scale effort to initiate a 'green revolution' for African smallholders, the Alliance for a Green Revolution in Africa (AGRA), is partly based on an analysis of the input supply constraints that African smallholders are facing and seeks to adopt this approach (Minot et al. 2007 ).
Agroforestry input supply systems
The development of tree seed delivery systems for smallholders has been similar to the evolution of crop seed systems, but has lagged by a decade or more. In the first phase in the 1980s and 1990s, National Tree Seed Centres (NTSCs) were established in 21 African Countries supported by overseas development assistance from European countries and Canada (Graudal and Lillesø 2007) . While many of the NTSCs were initially intended to support industrial forestry (see Cossalter and Pye-Smith 2003; Evans and Turnbul 2004; Evans 2009 for a discussion of trends), the centres were increasingly designed to supply a range of 'multipurpose' tree species to farmers (Burley and Von Carlowitz 1984; Boland 1992; Graudal and Lillesø 2007; Simons 1997) . Studies from Tanzania, Nepal and elsewhere, however, have indicated that only about 10% of the potential smallholder market for tree seed has been supplied by NTSCs (Aalbaek 2001; Lillesø et al. 2001a) . Like annual crops, tree crops should be suitable for the specific agroecological zones (cf. Burdon 1977 , Lillesø et al. 2001b Namkoong et al. 1980) and the needs of different groups of farmers. Increased pressure on NTSCs to completely commercialise their activities in a context of reduced government support has, however, forced most to abandon less profitable activities such as maintaining provenance-level seed sources for many useful agroforestry trees (Graudal and Kjaer 1999; Graudal and Lillesø 2007) . In most countries, the role of NTSCs has also been complicated by the fact that they have a role in regulating the activities of other tree seed suppliers; in other words, they have a conflict of interest in playing both 'competitor' and 'regulator' roles (Graudal 1999) .
In the second phase of evolution, much of the role of delivery originally assigned to NTSCs was taken over by NGOs, who are now important suppliers of tree seed and seedlings to farmers. Surveys of NGO delivery, however, indicate that a frequent problem is inattention to the genetic quality of the provided planting material (Brandi et al. 2007; Mbora and Lillesø 2007; Mvula and Lillesø 2007) . In addition, due to limited time horizons and a lack of awareness, many NGO projects have failed to address the longterm maintenance and protection of suitable seed sources (Brandi et al. 2007; Mvula and Lillesø 2007) . Furthermore, NGOs have generally supplied tree seeds and seedlings on a relief basis (free of charge), which impinges severely on the profitability of market-based commercial seed dealers and private tree nurseries. The small private entrepreneurs that despite this subsidised competition have developed to supply tree planting material in some regions are generally not considered by NGO networks (Brandi et al. 2007; Mvula and Lillesø 2007; Raebild et al. 2005) , who have instead chosen to set up their own nurseries. The NGO approach to tree seed delivery has been very similar to that which they applied to crops (see above) and the observations made by Wiggins and Cromwell (1995) more than a decade ago are therefore also pertinent: the practice of NGOs covering transaction costs makes long term operation unsustainable, as does ignoring nascent entrepreneurial opportunities for local providers.
Agroforestry has not yet entered the third phase for germplasm delivery as adopted in the crop sector, involving support to small-scale commercial production and distribution. Indeed, a major barrier for the further evolution of agroforestry seed delivery systems is that current criteria of definition are based on Agroforest Syst (2011) 83:347-359 349 the implicit (but unrealistic) assumption that one central authority is able to control and certify all germplasm sources. This may hinder the development of input supply chains based on small scale entrepreneurs, as we outline below.
A barrier for further development of agroforestry input supply systems
The purposes of a seed source classification system should be to encourage greater utilisation of superior germplasm and protect consumers from fraudulent sale of inferior materials. In this section, we outline how seed is currently categorised in crop and agroforestry delivery systems. This discussion provides necessary context before we in further sections suggest how the constraints imposed by limitations in current classification can be overcome by the adoption of 'common sense' norms that can contribute to more efficient input supply.
Crop seed-foundation seed and breeding Tripp (2006) generalised the terms utilised for crop seed (the prevailing schemes are defined by the Organization for Economic Cooperation and Development (OECD) and the Association of Official Seed Certifying Agencies (AOSCA)) to describe the processes that are important for seed delivery: (i) the earliest generations of a variety are referred to as breeding seed, (ii) the generations of seed used by seed producers are termed foundation seed; and (iii) the seed purchased by farmers is commercial seed. In addition, many countries recognize categories such as 'standard seed'; 'truthfully labelled seed'; and 'quality declared seed', which does not require full formal certification (Tripp 2006) . The important point to note for the purposes of our current discussion is that there are relatively clear definitions of the entities and links in the breeding, production, and distribution cycle for crop seed. Consequently, the roles of the different actors in the system can be defined clearly and interventions determined accordingly. In particular, it has been possible to identify interventions that favour the involvement of small-scale entrepreneurs in the production and distribution of foundation and commercial seed, and to improve coordination between the different stakeholders that need to be involved to achieve effective, sustainable delivery to smallholders (Minot et al. 2007 ).
Agroforestry seed-sources and definitions
In contrast to crop seed, there is generally no defined point at which public and large private institutions can breed new materials and then hand this foundation seed over to smaller enterprises for the production and distribution of commercial material. Due to the long and overlapping reproductive cycles, planning for quality and commercial production of agroforestry seed must be done already at the breeding stage. The 'Forest Seed and Plant Scheme' developed by OECD, which is the prevailing standard for definitions of tree seed sources was established in 1967 and places seed sources into either 'source-identified' (location and altitude recorded) or 'selected' (phenotypically selected at the provenance level) categories (OECD 2009; see also Albrecht (1993) ). Although the system is suitable for industrial plantation species, it cannot describe in any operationally meaningful way the majority of tree seed used by tropical smallholders, as most comes from trees that are found scattered in farmland (original source undocumented, may or may not have been selected) or from natural forests (original source known, but unselected). For most indigenous tree species, there is also insufficient knowledge available to determine the boundaries of provenances and the recommendation domains for seed sources, which is a fundamental requirement for the implementation of the OECD approach (OECD 2009, Rule 2.1).
Furthermore, the operation of the OECD system requires a centralised 'designated authority' to certify every commercial seed source in a country, and every seed lot must be authorised and documented by this authority. This presupposes that any designated authority has the capacity to oversee all sources and all seed collection and tree seedling production in a country (OECD 2009, Rule 5.1). Whilst this may be possible for the case of industrial plantation establishment, it is clearly completely unrealistic for the case of smallholder planting, and the implementation of OECD rules would be a barrier to catering for the needs of small-scale farmers.
Although only two African countries are formal members of the OECD scheme, the absence of alternative schemes makes it the only standard with which to regulate tree seed systems. The OECD scheme has thus been the key reference for developing national laws and regulations in all African countries with a NTSC (Wolf 1993 , see also Barner et al. (1988 ).
A classification of sources and input supply to better support smallholder agroforestry
In contrast to the above, our contention is that the classification system used for agroforestry tree seed must reflect the different types of sources that are actually used by farmers and should facilitate involvement of decentralised producers and distributors. Furthermore, it should enable an understanding of how the biological and logistical characteristics of each source relate to opportunities for potential public-private collaborations that can optimise performance in delivery. Based on such thinking, Dhakal et al. (2005) suggested an alternative typology for tree planting material that accommodates the different types of sources found in landscapes and their multiple functions. The three major components of the input supply chain can be identified as follows:
(i) Sources of reproductive material. Sources can all be categorised into five types (Table 1) whose efficient use requires particular ''blends of organisational alternatives'' (Minot et al. (2007) ) for optimal input supply. Each type of source imposes various biological and logistical constraints on the supply chain, which public support should be tailored to overcome (Graudal and Kjaer 1999) . (ii) Seed procurement (initial collection). The actors involved in collection depend on who owns and/or controls the seed sources and their capacity and willingness to make use of material. (iii) Distribution of seed and seedlings. Some actors are able to afford to give away material during distribution, others makes an income from it. The efficiency and reach of distribution is linked to the extension and marketing methods applied to species, varieties and provenances, and the information given to receivers on germplasm use and quality.
These three components are qualitatively different from each other, in the sense that a source is something physical, while procurement and distribution are 'actions'. The definition, design and establishment of sources are, however, also actions that define the quality of planting material that is available to smallholders.
Particularly important is to understand how various stakeholders are controlling the input supply chain. One useful approach is to apply the dichotomy of 'centralised' or 'decentralised' control to each part of the chain (cf. Graudal and Thomsen 1999) . A centralised owner or actor is defined as one of only a limited few that exist in a chain, whilst a decentralised actor is one of many that are present. Clearly, the actors in the centralised-decentralised dichotomy change based on geographic scale, but our view is that this is a useful way to evaluate chain governance and describe entrepreneurial opportunities. Important implicit assumptions are that information flows between actors become increasingly important as systems becomes more decentralised (i.e., not only the flow of seed but also knowledge) and that if many actors are involved in each stage of the chain then the system becomes less likely to fail (possible actor substitution; Barabási (2009)).
Since each of the three components in the input supply chain described by Dhakal et al. (2005) can be managed by either centralised or decentralised actors, a map of possible input supply approaches includes eight (2 * 2 * 2) possible configurations. In practice, we contend that these can be conveniently grouped into three major models that differ mainly with respect to: (i) who controls seed sources, (ii) the type, availability and use of technical knowledge; and (iii) how transaction costs are supported (Box 1). In the 'Government Model', a central authority controls all three components and seed sources are most often located on land controlled by this authority. In the 'NGO Model', the planning of activities is centralised, but control of, and concern with, the quality of seed sources is less rigid. Finally, in the 'Decentralised Model' all activities are handled by decentralised actors, or seed sources are made available by a central authority for use by them.
Each of these major models can be established with the aim of either commercial or free distribution of seed and, for the first two, equivalent models can be found for crop seed both sold and distributed at no Agroforest Syst (2011) 83:347-359 351 charge to farmers. For the 'Decentralised Model', non-commercial 'farmer-to-farmer diffusion' of tree germplasm is limited to species and provenances that are already in agricultural landscapes (Brandi et al. 2007; Mvula and Lillesø 2007; Namoto and Likoswe 2007; Nielsen 1999) or to new introductions of early maturing species. This is different from annual crops that produce seed the same year as planting and where new introductions can quickly be exchanged by farmers after establishment. (Almekinders et al. 2007; Cromwell 1990; Jones et al. 2001; Tripp and Pal 2001) . Thus, for the majority of potential tree crops, equivalent farmer-to-farmer production and distribution of seed is a less feasible configuration than for annuals. Furthermore, this approach carries particular risks for outbreeding tree species that are potentially subject to inbreeding depression in farmland, if genetic bottlenecks arise through narrow a As several species occur in more than one type of source, numbers for individual categories are different from the overall totals diffusion (Dawson et al. 2009; Dhakal et al. 2005) . A commercial 'Decentralised Model' introducing new species and varieties therefore requires special attention to how tree seed sources are utilised as breeding, foundation, and commercial seed in the input supply chains.
The Kenya case study
To test the utility of the above typology, we applied it to an assessment of supply chains for smallholder tree planting material in the Mount Kenya region of Kenya. Survey work was undertaken as part of the Improved Seed Supply for Agroforestry in African Countries (ISSAAC) project, a Danida supported programme implemented by Forest and Landscape Denmark (FLD) and the World Agroforestry Centre (ICRAF). The survey area was chosen because preliminary observations suggested that it had a high concentration of different sources for agroforestry seed and seedlings (Mbora and Simons 2003) . Survey involved collaboration with the Nairobi office of the Registrar of NGOs, the Kenya Forest Research Institute, government officers at district and divisional levels (for forestry, agriculture, livestock, and soil and water conservation) and the Nairobi offices of several NGOs. Extension agents from NGOs, government and ICRAF helped to identify involved farmers and farmer groups. Local respondents in individual and group interviews included Kenya Forest Service officers, farmer-group chairpersons', individual farmers and extension officers. Field checks were carried out on a subset of seed sources identified during interviews. During survey, we used the following classification: (i) the Kenyan NTSC (known as the Kenya Forest Seed Centre, or KFSC) and government agencies were recorded as formal, centralised actors, (ii) NGOs, church groups and other community-based organisations were considered to be informal, centralised stakeholders; and (iii) farmer groups and individual farmers were classified as informal, decentralised participants, as were schools and seed dealer associations. Sources located on government land were classified as centralised (and under formal control of seed regulations), while sources on communal and private land were considered decentralised (not normally established under the supervision of government authorities).
In total, we were able to identify 210 sources for seed and vegetative materials that were established and are being used by various actors. We classified all sources (Table 2) into the five categories already described (Table 1) . Sources for 40 species were identified, of which 14 were indigenous trees. The Table 3 Kenya case study germplasm sources by input supply configuration and conformity to OECD criteria a Some of the chains are simultaneously utilised by more than one type of actor (C/D), leading to the same source participating in more than one configuration b Conforms to OECD if established on government land or with advice from the Kenyan NTSC most frequent source type was farmland (136 counts), though these stands mostly consisted of small number of trees with modest seed production. Plantation sources established by the Kenya Forest Service were considerably fewer but the next most common after farmland, with natural forest (for indigenous species) and seed orchard sources (of genetically superior germplasm) relatively rare. The low numbers for these last two sources is an indication of limited long term coordination and investment in tree seed systems. Vegetative propagation was used as a source for mass production of cultivars of a few exotic fruit species such as mango, citrus, avocado and papaya. We next grouped the identified sources into supply chain configurations based on our classification (Box 1). We also determined whether sources would if placed within the current OECD scheme conform to the classification and control systems thereby imposed (Table 3) . Our survey revealed that many sources fit into two models, either (i) NGO and decentralised; or (ii) government and decentralised, of which by far the largest overlap is in the former case (72 sources compared to six sources). In total, the decentralised model applies to 137 sources (65%), the NGO model to 83 sources (40%) and the government model to 61 sources (29%; percentages do not add to 100 because of overlap), within which last category all natural forest sources and most plantation sources are included.
Of the 210 sources, only 48 (less than a quarter) would conform to OECD criteria. Forty-five of these were located on government land and thus in principle established following the regulations set by KFSC, while only three were established in private or communal land with the assistance of NGOs in collaboration with the KFSC. The Box 1 Eight configurations of 'Source-Procurement-Distribution' input supply chains, grouped into three major models (C indicates a centralised actor, D decentralised) A. Centralised configurations, the 'Government model' Sources are controlled by a central authority, and most often established on the basis of central planning. In countries with a National Tree Seed Centre, technical knowledge on seed is available to this authority. In these configurations, the transaction costs of bringing seed from source to smallholders are covered by the central authority mainly through government funds or development assistance. Sales of seed are predominantly to other centralised actors 1 and 2. The C-C-C (fully centralised) and the C-D-C (centralised, with contracted procurement) configurations. Seed sources and seed distribution are controlled by a central authority 3. The C-C-D (centralised sources and procurement, with decentralised distribution) configuration. Seed procurement is carried out by government employees or contractors, while distribution is carried out by decentralised actors B. Centralised configurations, the 'NGO model' Sources are not necessarily controlled by a central authority, but their use most often supply driven by NGOs. Technical knowledge on seed (e.g., on provenance performance differences) is not necessarily available or used. In these configurations, the transaction costs are mainly covered by an NGO through project funds. Sales of seed are predominantly to other centralised actors 4 and 5. The D-C-C (centralised out-grower, procurement by the distributor) and the D-D-C (centralised out-grower, procurement by the grower) configurations. The control of distribution resides with a central agent in both configurations. Procurement (collection) is undertaken by the controlling agent in the D-C-C configuration or subcontracted in the D-D-C configuration. The two configurations are probably the most commonly utilised in agroforestry, in which NGOs distribute seed and seedlings collected from farmers' land 6. The D-C-D (decentralised sources and distribution, centralised procurement) configuration. Procurement is controlled by a central actor, whereas distribution is carried out by decentralised agents. The most likely occurrence is when a NGO sells or gives away planting material to farmers and local community groups C. Decentralised configurations, the 'Decentralised model' Sources are not necessarily controlled by a central authority, but their use is in principle demand driven by customers of seed and seedlings. Technical knowledge on seed is not necessarily available or used. In these configurations, the transaction costs are covered directly by the actors involved. There is the expectation of profitable sales (commercial dealers) or alternatively material is diffused as gifts (non-commercial, reciprocal exchange possible) between farmers remaining 162 sources cannot be said to have been established under the supervision of a central authority and are therefore excluded from OECD approval as seed sources.
We also collected commercial data to see which sources could play a part in developing more efficient entrepreneurial systems for supply. Overall, seed was sold from 67% of sources, varying from 29% of cases for sources categorised under the decentralised model (alone) to 95% of sources falling into both the NGO and decentralised models. Seed was sold from 75% of sources under the government model (alone). Farmers involved in the sale of seed used a number of avenues: they sold seed in small packets during agricultural trade fairs, from their homes, during chief's meetings and on market days. Often they were assisted by extension agents who procured seed and linked farmers to customers. Most non-commercial seed sources consisted of fodder shrubs (particularly Calliandra calothyrsus and Leucaena trichandra; Mbora and Lillesø 2007) promoted originally in the region by ICRAF under a 'no-cost' to farmers' and farmer-to-farmer diffusion approach (Kiptot et al. 2006; Place et al. 2009 ); about 60% of these sources are still distributed in this way.
Discussion
Our theoretical discourse and case study demonstrate the applicability of a five-category source and threecategory delivery system notation (source-procurement-distribution, based on centralised or decentralised actors) for categorising tree germplasm inputs to smallholders. In our Kenyan example, all three major delivery models (government, NGO and decentralised) apply, with the last the most common. The first two models carry particular disadvantages: the government model has a limited capacity to reach smallholders; and the NGO model lacks incentives for long term planning and for giving proper attention to quality and site matching (Brandi et al. 2007 ). In the context of negligible public support and subsidised competition, it is remarkable that a nascent commercial decentralised model for tree seed delivery exists at all in the region. Our discourse and Kenyan example also demonstrate a discord between currently available and accepted classification and regulation (e.g., OECD) schemes for tree seed delivery and what takes place in the field; for example, more than three-quarters of tree seed sources in our Kenya survey do not conform to OECD rules.
We do not have data to indicate how relevant our case study is to other regions-Mount Kenya has a wide variety and high concentration of different seed sources-but it provides hypotheses for further testing elsewhere. We anticipate that farmland seed sources will be by far the dominant source type in sub-Saharan Africa, and that seed orchard and natural forest sources will be relatively rarely used. We furthermore anticipate that vegetative propagation will generally be applied to only a few high value fruit species. We expect that the same major input supply models will be identified elsewhere, with decentralised and NGO models most common. In the former case, we expect entrepreneurial involvement to be highest in areas of both high potential for growing tree crops and high demand for agroforestry products.
The sources and supply chain models described above can be explored in the context of the required innovations in organisations, processes and policies needed for more effective functioning (Larsen et al. 2009 ). The five seed source types we adopt in our classification provide different opportunities and constraints for public institutions, NGOs and private enterprises in terms of access to breeding material, quality and choice (Dhakal et al. 2005) , and different models for procurement and distribution have particular strengths and weaknesses. If it can be assumed that, based on altruistic and/or commercial reasons, the various actors involved in tree seed delivery to smallholders have the same goal in delivering good quality planting material (Graudal and Kjaer 1999 ), then we believe opportunities exist for reallocating current roles to improve supply.
In our opinion, the role of NGOs should be to support existing entrepreneurs rather than unfairly undercutting them through short-term free handouts of germplasm. Our Kenyan case study provides clear indications that small-scale entrepreneurs have the potential to become important producers and distributors of tree seed and seedlings if such disincentives are removed. The development of public-private collaborations to support smallholders' inputs should start by embedding seed from improved sources into supply chains. Support from NGOs should therefore come through greater focus on the establishment of good quality (rather than unknown quality) seed sources. It should extend to providing business training to entrepreneurial seed dealers and tree nurseries, and should support networks of producers and distributors of seed and seedlings (Dawson et al. 2009; Kindt et al. 2006) . The role of NGOs is also to support the development of smallholder product value chains through better linkages with markets; this in turn will drive better input supply chains.
NTSCs should be knowledge brokers of technical information to existing entrepreneurs and other producers on all aspects of seed quality, production and procurement, rather than providing seed themselves; this involves a strong training role. NTSCs should, however, also be involved in supplying high quality 'starter' germplasm, especially of useful (but underutilised) indigenous species from natural forest land, either through direct collection into efficient input supply chains or indirectly through establishment of seed orchards. To prevent unfair competition it is, however, essential that NTSCs decouple commercial seed enterprise from the normative functions of providing policies, legislation, and regulation of the market and of providing independent advice and guidance to users. Innovations specific to developing new collaborative models that ensure seed of good genetic quality of a wide range of species is distributed efficiently to smallholders from relevant sources are given in Box 2. They relate divisions of labour between actors based on their comparative advantages.
Conclusion
There is significant potential for increasing the productivity of agroforestry systems through improved seed supply chains for smallholder tree planters. Innovation requires a considered interpretation of the seed sources involved and their relative importance, and an alternative regulatory framework to the OECD scheme. For crop seed, many countries recognize categories such as 'standard seed', 'truthfully labelled seed' and 'quality declared seed' that are less rigid forms of certification. The seed source classification that we have presented here could be the backbone of a more flexible and useful scheme for trees.
Profound change is required in the roles played be different actors in agroforestry input supply chains. Government organisations and NGOs must change from using production figures as sole targets for their planning and instead focus on how they can help private actors function as market players. In particular, the current NGO model has little justification and free seed impedes the development of decentralised smallscale enterprise models for tree seed in the same way as it does for crop seed (Graudal and Lillesø 2007; Sperling and McGuire 2010) . Needed innovations Box 2 Interventions required for specific source types (as described in Table 1) 1. Seeds from farmland sources are best collected and distributed by small-scale enterprises. Collection and distribution can be organised at a decentralised level, but requires knowledge (that can be provided by NTSCs) and application of common sense norms to ensure genetic quality, in particular taking into account breeding systems and genotype-environment interactions (Dawson and Were 1997; Lillesø et al. 2001a ). Special care must be taken to widen genetic quality through public support for the development of networks of producers for exchange and pooling of material 2. Natural forest sources contain a large number of underutilised indigenous species. To mobilise the genetic potential of these species for farmers requires skilled collection of relatively large amounts of seed. This can only be justified on economic grounds if material is distributed to many users. NTSCs should coordinate collection together with several NGOs and networks of small-scale nurseries 3. Seed collection of species in plantations can be carried out by NTSCs or private specialised small-scale collectors for distribution to networks of small-scale nurseries. Quality can be ensured by applying common sense norms 4. Production of improved seed in seed orchards should be scaled up to more sources and species through low-input breeding initiatives supported by NTSCs (Kjaer et al. 2006) . Establishment, collection and distribution can be organised at a decentralised level, but would require insurance until production begins as well as efficient distribution networks to ensure a return on the long term investment 5. Wider use of vegetative propagation of fruit trees requires institutional innovations in developing new methods. Clones may be produced centrally, but multiplication should be organised at a decentralised level to save the costs of transportation. Support by research institutions, NTSCs and NGOs is required to ensure a return on investment provide huge potential for action-research, which we hope this article will help stimulate and guide.
